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lectrical status epilepticus in sleep involves an electroencephalographic pattern where
terictal epileptiform activity is potentiated in the transition fromwakefulness to sleep. Near-
continuous spikes and waves that occupy a signiﬁcant proportion of nonrapid eye movement
sleep appear as a result of sleep-potentiated epileptiform activity. This electroencephalo-
graphic pattern appears in different electroclinical syndromes that present three common
characteristics with different degrees of severity: seizures, sleep-potentiated epileptiform
activity, and neuropsychologic regression. Continuous spikes and waves during sleep
comprise the severest epileptic encephalopathy in the electroclinical spectrum. Landau-
Kleffner syndrome presents with intermediate severity. Some “benign” pediatric focal
epileptic syndromes represent themildest end of this continuum. Based onpublished data,we
provide a framework for clinical and electrical events. The underlying mechanisms leading to
sleep potentiation of epileptiform activity in electrical status epilepticus in sleep are incom-
pletely understood. A genetic basis or acquired early developmental insult may disrupt the
normal maturation of neuronal networks. These factors may dynamically alter normal
processes of brain development, leading to an age-related pattern of electroclinical expression
of electrical status epilepticus in sleep.
 2012 Elsevier Inc. All rights reserved.Sleep no more!
Does murder sleep, the innocent sleep,
Sleep that knits up the raveled sleeve of care
The death of each day’s life, sore labor’s bath
Balm of hurt minds, great nature’s second course,
Chief nourisher in life’s feast.
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The sleep-wake cycle inﬂuences the electroclinical
presentation of epileptiform activity, seizures, and epilepsy
[1,2]. Speciﬁcally, interictal epileptiform discharges can
become more frequent and generalized during nonrapid
eye movement sleep [3-6]. The inﬂuence of nonrapid eye
movement sleep on epileptiform activity is most promi-
nently observed in electrical status epilepticus in sleep, an
electroencephalographic pattern with two hallmarks:
(1) Marked sleep potentiation of epileptiform activity in the
transition from wakefulness to sleep that leads to
(2) Near-continuous bilateral (or occasionally lateralized)
slow spikes and waves that occupy a signiﬁcant
proportion of nonrapid eye movement sleep [7-9].
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appears in clinical syndromes that present with three
common features and different degrees of severity: (1)
seizures, (2) sleep potentiation of epileptiform activity, and
(3) neuropsychologic regression. These common features
follow an age-related evolution with their appearance in
early childhood, a peak of severity during mid to late
childhood, and spontaneous improvement before puberty
(Fig 1). Continuous spikes and waves during sleep comprise
a disabling epileptic encephalopathy with frequent and
difﬁcult-to-control seizures, associated with global devel-
opmental regression. Landau-Kleffner syndrome presents
with infrequent seizures and with the severe regression of
language development. Finally, patients with “benign”
pediatric focal epileptic syndromes manifest infrequent,
usually easy-to-control seizures, sleep potentiation of
epileptiform activity, and more subtle neuropsychologic
deﬁcits [8-11].
We will ﬁrst review continuous spikes and waves during
sleep, Landau-Kleffner syndrome, and “benign” pediatric
focal epileptic syndromes as individual conditions. Then, we
will discuss the common features that lead to the consid-
eration of these clinical entities as part of the same spec-
trum [8,9,11,12]. Finally, we will brieﬂy summarize the
current knowledge on the basic mechanisms that lead to
the dramatic sleep potentiation of epileptiform activity in
electrical status epilepticus in sleep.
Some authors consider “electrical status epilepticus in
sleep” and “continuous spikes and waves during sleep” as
equivalent terms, and use them interchangeably to refer to
the electroencephalogram pattern or to the associated
epileptic encephalopathy with global developmental
regression. In contrast, some authors use “Landau-Kleffner
syndrome” when referring to patients with electroclinical
features consistent with a very severe epileptic encephalop-
athy with global regression. To avoid confusion, we will
use “electrical status epilepticus in sleep” when referring to
the electroencephalogram pattern, “continuous spikes
and waves during sleep” when referring to the epileptic
encephalopathywithglobal regression, and “Landau-KleffnerFigure 1. Timeline of electroclinical syndromes in the spectrum of elec-
trical status epilepticus in sleep, with approximate age of onset and
remission/improvement in most patients. BECTS, benign childhood
epilepsy with centrotemporal spikes; CSWS, continuous spikes and waves
during sleep; LKS, Landau-Kleffner syndrome; LOCOE-G, late-onset child-
hood occipital epilepsy (Gastaut type); PS, Panayiotopoulos syndrome.syndrome” when discussing the epileptic encephalopathy
with mainly language regression. We will use these terms
based on the electroclinical presentation, andnot on the term
utilized by the original contributor.
Continuous spikes and waves during sleep
Epidemiology
Continuous spikes and waves during sleep constitute
a rare condition. The literature on epidemiology is sparse
and difﬁcult to assess because of differences in terminology,
deﬁnitions, and study inclusion criteria. In a study of 440
epileptic children followed in outpatient clinics, only one
(0.2%) manifested continuous spikes and waves during
sleep [13]. Approximately 0.5-0.6% of all patients examined
at tertiary pediatric epilepsy centers may manifest contin-
uous spikes and waves during sleep [14,15]. In a series of
pediatric patients undergoing epilepsy surgery, 8/415 (2%)
children manifested continuous spikes and waves during
sleep [16]. A multicenter study on the indications for
epilepsy surgery observed continuous spikes and waves
during sleep in 7/543 (1.3%) children [17]. In a tertiary
epileptic center, a retrospective review of 1497 overnight
electroencephalogram recordings identiﬁed 102 children
(7%) with electrical status epilepticus in sleep and different
degrees of neuropsychologic regression [12]. These ﬁgures
may include a considerable referral bias, and the frequency
of continuous spikes and waves during sleep in less
specialized settings remains unknown. On the other hand,
an electroencephalogram at the correct time is required to
diagnose sleep potentiation, and the condition may there-
fore also be underdiagnosed. Small series report either
a female [16,18] or male [19-22] preponderance, whereas
larger series and literature reviews demonstrate a male/
female ratio in the range of 4:3 to 3:2 [8,12,23-27].
Clinical features
Continuous spikes and waves during sleep comprise an
age-related epileptic encephalopathy occurring only in
children and adolescents (Fig 1). Typically, a child with
normal or moderately abnormal baseline development
presents with seizures around 2-4 years of age. Seizures are
infrequent and generally occur out of sleep. However, at
around age 5-6 years, severe and global neuropsychologic
regression is evident, and seizures become more frequent
and difﬁcult to control. Before puberty, seizures tend to
remit and the neuropsychologic deﬁcits tend to stabilize or
even improve, although severe residual impairments
remain [9,16,28].
Age at seizure onset
In a classic series of 71 patients with continuous spikes
and waves during sleep, the peak age of onset of the ﬁrst
feature ranged from 5-9 years. Seizures constituted the
presenting sign in 80% of cases, and age at seizure onset
ranged from 0-12, years with a peak between ages 3 and 5
years [23]. In a series of 30 patients with continuous spikes
and waves during sleep, the reported age of seizure onset
was 4.09  1.8 years S.D. [29]. In a series of nine patients
with continuous spikes and waves during sleep and
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was 1.2 years (range, 0.7-5 years) [24]. The age of seizure
onset peaks at around 2-4 years, with a bimodal distribu-
tion. Seizure onset clusters at around 2 years of age in
patients with a structural brain lesion, and at around 4 years
of age in patients with continuous spikes and waves during
sleep of unknown etiology (Table 1) [16,20,21,27,30-33].
Age at neuropsychologic regression
In a series of nine patients with continuous spikes and
waves during sleep and shunted hydrocephalus, an “evident
change in behavior, seizures and electroencephalogram
pattern” occurred at a median age of 8 years (range, 6-13
years) [24]. The limited literature that speciﬁcally reports on
the age of regression indicates a peak at around 5-6 years of
age (Table 1) [20,27,31].
Age at seizure freedom
Seizures tend to resolve spontaneously after several
years. Few studies provide speciﬁc data on the age at seizure
freedom, and the range of reported ages is wide [20,30,31].
Moreover, data are only available for patients with seizure
freedom before the end of the follow-up period, and follow-
up is frequently limited. Based on the available data, age at
seizure freedom peaks at approximately 6-9 years (Table 1)
[30,31].
Clinical staging in continuous spikes and waves during sleep
These three clinical events (seizure onset, neuro-
psychologic regression, and seizure freedom) and the
evolution of electroclinical features over time led to the
description of different stages in continuous spikes and
waves during sleep. The feasibility of electroclinical staging
in continuous spikes and waves during sleep was ﬁrstTable 1. Age of occurrence of the major clinical events in CSWS
Age at Seizure Onset (Years)
Median p25-p75 Range
Siniatchkin et al., 2010 (n ¼ 12) [21] 4.0 3.0-5.8 1.0-7.0
Scholtes et al., 2005 (n ¼ 6) [33] 4.4 3.7-5.5 2.6-7.0
Morikawa et al., 1995 (n ¼ 4) [31] 2.9 1.8-4.1 1.5-4.5
Yan Liu and Wong, 2000 (n ¼ 3) [27] 4.0 2.8-5.0 2.8-5.0
Sánchez Fernández et al., 2012 (n ¼ 9) [20] 2.0 0.3-3.0 0.006-4
Guzzetta et al., 2005 (n ¼ 29) [30] 1.3 0.4-2.8 0.003-5
Peltola et al., 2011 (n ¼ 13) [32] 2.3 1.1-3.3 0.2-4.7
Loddenkemper et al., 2009 (n ¼ 8) [16] 2.5 1.6-5.3 0.2-10
Patients with brain structural lesions
(n ¼ 69) [16,20,21,30-33]
2.0 0.7-3.2 0.003-1
Patients without brain structural lesions
(n ¼ 15) [20,21,27,31, 33]
4.0 3.0-5.0 2.0-7.0
Abbreviations:
CSWS ¼ Continuous spikes and waves during sleep
N ¼ Number of patients in the series
p25-p75 ¼ 25th-75th percentiles
We provide a summary of the data in the available literature. Some of the data are calculat
clinical event.
* Eight patients.
y Seven patients.
z Twelve patients.
x Ten patients.
{ Two patients.
** Twenty patients.
yy Three patients.
xx Four patients.suggested by De Tiége et al. [34,35]. Those authors
described an acute phase that began at around 3-8 years of
age with the emergence of psychomotor deﬁcits, seizures,
and electrical status epilepticus in sleep, followed by
a recovery phase during which the patient’s clinical condi-
tion improved and electrical status epilepticus in sleep
remitted [34,35]. We recently proposed three periods: the
dormant stage (from birth to age at seizure onset), the
prodromal stage (from seizure onset to age at neuro-
psychologic regression), the acute stage (from regression to
seizure freedom), and the residual stage (after seizure
freedom) [20]. The description of electroclinical data within
this framework may facilitate comparisons among different
series (Fig 2).
Types of seizures
In the prodromal stage, seizures typically occur during
sleep, are unilateral in 50% of patients, and progress to
unilateral status epilepticus in 6% of patients [9,23,28].
Initial seizure types include focal motor seizures, absence
seizures, generalized tonic or tonic-clonic seizures (prob-
ably focal seizures that go unnoticed in sleep until they
generalize), and dyscognitive seizures (complex partial
seizures in previous seizure classiﬁcations) [9,23,28].
During the prodromal stage, 80% of patients manifest only
one seizure type, and the seizure frequency is low, with
several seizures per day in only 20% of patients [23]. Around
the time of neuropsychologic regression, a marked increase
in the frequency and types of seizures occurs, and seizures
become more difﬁcult to control [8,9,23,28,29]. During the
acute stage, 70% of patients manifest several seizures per
day, and 60% of the children manifest several seizure types
[23]. Unilateral seizures become rare, atonic and motor
components lead to sudden falls, and atypical absenceAge at Regression Age at Seizure Freedom
Median p25-p75 Range Median p25-p75 Range
No data No data
No data No data
6.3 5.4-6.5 5.3-6.5 9.0 7.8-19.1 7.8-22.0
5.5{ 4.0-7.0{ 4.0-7.0{ No data
.0 5.1* 4.5-7.1* 4.0-7.7* 86.0y 7.3-10.7y 6.5-11.4y
.4 No data 6.0z 2.8-6.3z 1.3-7.6z
No data Postsurgical outcome
No data Postsurgical outcome
0.0 5.6x 4.7-6.7x 4.0-7.7x 6.4** 4.9-7.8** 1.3-11.4z
5.7xx 4.2-6.9xx 4.0-7.0xx 9.8yy 7.5-22yy 7.5-22.0yy
ed based on a limited number of patients with available information for that speciﬁc
Figure 2. Graphic representation of the evolution over time of continuous spikes and waves during sleep. The age at occurrence of the different clinical
events varies in individual patients, but tends to peak at around the displayed ages. EEG, electroencephalogram; R, regression; SF, seizure freedom; SO,
seizure onset; y, years.
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absence status epilepticus [9,23,28]. The lack of tonic
seizures has been classically considered a major feature of
this syndrome, and it allows for discrimination with
Lennox-Gastaut syndrome [7,9,28].
Type of neuropsychologic regression
During the dormant stage, neuropsychologic develop-
ment is normal in around two thirds of cases [15,28,29].
Neuropsychologic regression involves a wide spectrum of
developmental and cognitive milestones in varying but
often severe degrees. An overall decrease in intelligence
quotient is frequently evident, and a marked discrepancy
between verbal and performance quotients may also occur
[8-10,16,24,28,30-33,36]. A series of ﬁve patients with
continuous spikes and waves during sleep, shunted
hydrocephalus, and neuropsychologic evaluation during
the prodromal, acute, and residual stages demonstrated
a tendency toward impairments of intelligence quotient
during the acute phase, and a recovery of baseline intelli-
gence during the residual phase [24]. Language regresses in
the form of a subacute and progressive aphasic disorder,
with spontaneous ﬂuctuations over time. Behavior becomes
disruptive with the appearance of hyperactivity, impul-
sivity, and even aggressive behavior. A neuropsychologic
examination frequently reveals learning disorders, impair-
ment in temporospatial orientation, memory problems, and
reduced attention span. Social developmental delay,
emotional lability, and disinhibition interfere with day-to-
day social interactions [8-10,16,24,28,30-33,36]. The dete-
rioration of ﬁne and gross motor skills may also be
observed. Dystonia, dyspraxia, ataxia, and unilateral and
negative myoclonus further contribute to functional
impairment [9,12].Electroencephalogram features
During the prodromal stage, electroencephalogram
abnormalities are rare and occur predominantly during
sleep. In the acute stage, electroencephalogram results are
usually abnormal during wakefulness, with occasional
discharges in the frontotemporal or centrotemporal regions,
or brief bursts of a more diffuse spike-wave activity that
becomes generalized during nonrapid eye movement sleep
[8-10,28]. Consequently, the diagnosis of electrical status
epilepticus in sleep requires an evaluation of the potentiation
of epileptiform activity fromwakefulness to sleep (Fig 3).
Electrical status epilepticus in sleep: Classic deﬁnition
Electrical status epilepticus in sleep was ﬁrst described
by Tassinari et al. in 1971 [37]. Electrical status epilepticus in
sleep constitutes an electroencephalogram pattern that is
classically deﬁned as the presence of generalized bilateral
and symmetric 1.5-3 Hz spike-waves that occupy at least
85% of an electroencephalogram tracing during nonrapid
eye movement sleep [8,9,37].
Epileptiform activity: Cutoff value
The authors who initially described the pattern of elec-
trical status epilepticus in sleep proposed that no less than
85% of the total duration of slow sleep should be occupied by
slow spike-waves [9,37]. This cutoff value has been largely
followed when deﬁning the pattern of electrical status
epilepticus in sleep [9,16,21,24,27,32,38-42]. However, the
deﬁnition by the International League Against Epilepsy does
not include a speciﬁc cutoff percentage, and only requires
that spike-waves be “continuous” and “diffuse” [7]. Several
authors used lower cutoff percentages [12,26,43,44]. Others
used terms such as “sleep overactivation pattern” [30] or
Figure 3. Electroencephalogram tracings in different moments of the sleep-wake cycle. Note that drowsiness (NREM1) and REM sleep can be difﬁcult to
differentiate. If NREM1 and REM sleep are mistaken for one another, the epileptiform activity in non-REM sleep could be either overestimated or
underestimated. Chin electromyography (CHIN1-CHIN2 channel in this tracing) and an electrooculogram (LOC-ROC channel in this tracing) can facilitate the
differentiation of those two patterns. Note the dramatic activation of epileptiform activity fromwakefulness to non-REM sleep. The near-continuous spike-
waves severely disrupt the electroencephalogram sleep tracing, making normal sleep patterns unrecognizable. In this setting, to differentiate NREM2 from
NREM3 based only on the appearance of the electroencephalogram tracing is very difﬁcult. Note different voltages in different tracings. NREM, nonrapid eye
movement sleep; NREM1, NREM2, and NREM3, three stages of non-REM sleep; REM, rapid eye movement sleep; W, wakefulness.
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referring to patients with electrographic features consistent
with electrical status epilepticus in sleep, but not meeting
the percentage cutoff criterion. Finally, other authors do not
even consider a cutoff value [29]. In patients with clinically
evident continuous spikes and waves during sleep, a value
of less than 85% is present in more than one third of cases
[45], and the speciﬁc values of epileptiform activity vary
over time [20]. Therefore, a more ﬂexible term such as
“a dramatic activation of epileptiform discharges by sleep”
might be considered in the deﬁnition [10].
Quantiﬁcation of epileptiform activity
The classic measure for epileptiform activity quantiﬁ-
cation comprises the spike wave index, expressed as
a percentage. Most authors loosely refer to this percentage
without deﬁning their exact method for calculating it
[9,16,24,26,27,29,40,41,43]. Other authors consider the
spike-wave index as “the sum of all spike and slow wave
minutes multiplied by 100 and divided by the totalnonrapid eye movement sleep minutes” [25]. Most
counting methods are hard to reproduce because when
applying them, one can count either the 1-second bins
with at least one spike-wave in them [20,38] or the total
number of spike-waves per unit of time [20], and this
discrepancy leads to different results (Fig 4). We recently
demonstrated that counting the individual spike-waves
can better reﬂect changes in epileptiform activity in
those patients with very active epileptiform discharges
(Fig 4) [20]. Other authors calculated the spike index as
the proportion of time, in 10-minute epochs, during which
less than 3 seconds elapsed between spikes [46], and
others counted the “discharge-free episodes of minimum
duration of 10 seconds” [32].
In addition, no consensus exists on the speciﬁc portion of
sleep used for the calculation of epileptiform activity. Some
authors calculate it during the complete duration of
nocturnal sleep [9], whereas others use the total duration of
each cycle of slow-wave sleep [47], the ﬁrst 30 minutes of
nonrapid eye movement stages of the ﬁrst and last sleep
Figure 4. Different electroencephalogram expressions of electrical status epilepticus in sleep. Epileptiform activity appears much more frequently in A than
in B. If the reader quantiﬁes the epileptiform activity by counting the 1-second bins occupied by spike-waves, both tracings (A and B) express 100% of
epileptiform activity (spike-waves are present in every 1-second bin). However, if the reader counts the total number of individual spikes per unit of time,
epileptiform activity is almost double in A than in B. In A and B, spike-waves occupy more or less symmetrically both hemispheres, whereas in C, electrical
status epilepticus in sleep is unilateral and occupies only the left hemisphere. Note different voltages in A, B, and C.
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night, ﬁrst nonrapid eye movement sleep cycle or nap
electroencephalogram [26], or the ﬁrst 5 minutes of non-
rapid eye movement sleep [20]. A series of 16 children with
sleep potentiation of epileptiform activity suggested thatthe conventional electroencephalogram of a sleep-deprived
patient recorded in the morning will usually reveal an
amount of epileptiform activity comparable to that ob-
tained in a full-night recording [48]. Standard and compa-
rable periods of calculation are critical because epileptiform
I. Sánchez Fernández et al. / Pediatric Neurology 47 (2012) 390e410396activity is higher during the ﬁrst sleep cycles, and
progressively decreases through the night [28,47].
Different timings of electroencephalogram assessment
with respect to sleep and circadian phases, as well as
different methods of quantiﬁcation, may result in consid-
erable variation among studies. The consensual use of well-
deﬁned and reproducible methods of calculation would
allow for comparisons of data among different series.
To avoid the underestimation or overestimation of
epileptiform activity during nonrapid eye movement sleep,
eye leads and chin electromyography must be applied in all
studies of overnight electrical status epilepticus in sleep for
an accurate assessment of rapid eye movement sleep,
which can be sometimes difﬁcult to differentiate from
drowsiness (Fig 3).
Lateralization of epileptiform activity
The ﬁrst descriptions of electrical status epilepticus in
sleep required spikes and waves to be bilateral, symmetric,
or diffuse [7,37]. Even apparently symmetric discharges
demonstrate some degree of asymmetry when analyzed in
more detail, and this ﬁnding supports the notion of
a primary focus with secondary bilateral synchrony [49].
Markedly asymmetric, unilateral, or even more focal elec-
trical status epilepticus in sleep has been frequently re-
ported [12,28-30,40-43,50,51]. Scarce literature compares
the clinical features of patients with focal to generalized
electrical status epilepticus in sleep. Three patients with
a focal structural brain lesion and ipsilateral electrical status
epilepticus in sleep demonstrated a contralateral worsening
of hemiparesis or hemineglect after overnight sleep [42].
However, other series did not report marked differences
when comparing the clinical features of patients with
generalized to those with more focal electrical status
epilepticus in sleep [12,29,52]. In patients with Landau-
Kleffner syndrome, unilateral or clearly lateralized elec-
trical status epilepticus in sleep constitutes the most
frequent pattern [53].
In search of a deﬁnition of electrical status epilepticus in sleep
Based on all these considerations, a precise deﬁnition
for the pattern of electrical status epilepticus in sleep is
difﬁcult. However, three essential features shared by most
articles on electrical status epilepticus in sleep can be
listed:Table 2. Age at onset of the ESES pattern in patients with CSWS
Age at Onset of ESES (Ye
Median p25-p75
Caraballo et al., 2008 (n ¼ 9) [24] 8.0 6.5-9.5
Inutsuka et al., 2006 (n ¼ 13) [26] 5.8 3.2-6.8
Peltola et al., 2011 (n ¼ 13) [32] 3.9 2.9-5.3
Saltik et al., 2005 (n ¼ 16, with several
clinical presentations, mostly CSWS) [41]
7.0 5.3-10.1
Abbreviations:
CSWS ¼ Continuous spikes and waves during sleep
ESES ¼ Electrical status epilepticus in sleep
n ¼ Number of patients in the series
p25-p75 ¼ 25th-75th percentiles
We provide a summary of the data provided in the available literature. Some data are ba
* Eleven patients.
y Fifteen patients.(1) A marked activation or potentiation of epileptiform
discharges during nonrapid eye movement sleep,
(2) Leading to a (near)-continuous pattern of slow spikes
and waves
(3) Occupying a “signiﬁcant proportion” of the nonrapid
eye movement sleep electroencephalogram tracing,
with a cutoff value ranging from 25-85% [7-10,12,
26,28,30,37,39,41,45].Age at onset of electrical status epilepticus in sleep
Although the determination of age at seizure onset,
neuropsychologic regression, and seizure freedom is
straightforward based on the clinical data, detecting the
onset of the pattern of electrical status epilepticus in sleep
depends on how often appropriate electroencephalogram
studies are performed. In addition, whole-night electroen-
cephalogram recordings are usually undertaken in tertiary
hospitals, and are performed only after the clinical suspi-
cion of continuous spikes and waves during sleep is
considered. These facts may explain the variation of re-
ported ages for the detection of electrical status epilepticus
in sleep, and the delays relative to the reported ages at time
of regression. A series of 30 patients with continuous spikes
and waves during sleep reported a mean age of onset for
electrical status epilepticus in sleep of 6.7  1.85 years S.D.,
with a time lag between the onset of epilepsy and onset of
electrical status epilepticus in sleep of 2.8  2.2 years S.D.,
and a duration of electrical status epilepticus in sleep of 9 
12 months S.D. [29]. With the data obtained from the
literature, we estimate that electrical status epilepticus in
sleep is detected at around 4-8 years of age, and remits at
around 8-9 years of age (Table 2) [24,26,32,41]. Even if
electrical status epilepticus in sleep is typical of the devel-
oping brain, two adults with this electroencephalogram
pattern have been reported [54,55].
Etiology
Early developmental lesions
Guerrini et al. described nine patients with poly-
microgyria and an electroencephalogram pattern of elec-
trical status epilepticus in sleep [56]. Several case reports
described electroencephalogram patterns consistent with
electrical status epilepticus in sleep among patients whoars) Age at Resolution of ESES (Years)
Range Median p25-p75 Range
6.0-13.0 No data
2.0-8.6 8.8* 7.1-13.3* 3.8-18.6*
1.3-6.6 6.2 4.5-9.4 3.6-11.3
4.0-13.0 9.0y 6.5-12.0y 5.0-13.5y
sed on a limited number of patients with available information for that speciﬁc age.
Table 3. Structural brain abnormalities associated with the ESES pattern in different clinical presentations
Guzzetta et al., 2005 [30] Van Hirtum-Das et al.,
2006 [12]
Buzatu et al., 2009 [59] Sánchez Fernández et al.,
2012 [60]
Patients with abnormal MRI/total
patients with ESES and MRI
Not applicable (all patients
demonstrated thalamic
involvement as an inclusion
criterion)
33/67 (49%) 18/44 (41%) 48/100 (48%)
Perinatal vascular etiology/
periventricular leukomalacia
and related conditions
26/29 (90%)
(vascular etiology)
3/29 (10%)
(postmeningitic
hydrocephalus)
7/33 (21%)
(congenital stroke)
14/18 (78%)
(vascular or infectious
neonatal injury)
14/48 (29%)
(vascular lesions:
hemorrhagic infarct
and/or ischemia)
9/48 (19%)
(periventricular
leukomalacia)
Cortical malformation 8/33 (24%)
(cortical dysplasia)
3/18 (17%)
(polymicrogyria)
1/18 (6%)
(focal cortical dysplasia)
5/48 (10%)
(malformation of cortical
development)
Abnormal/delayed myelinization 5/33 (15%) 3/48 (6%)
Diffuse atrophy 5/33 (15%)
Chiari malformation 2/33 (6%)
Tubers 1/33 (3%)
Tumor 3/48 (6%)
Nonspeciﬁc T2 signal abnormality 4/48 (8%)
Mesial temporal atrophy 3/48 (6%)
Hemispheric atrophy 2/48 (4%)
Holoprosencephaly 2/48 (4%)
Arachnoid cysts 2/48 (4%)
Agenesis of the corpus callosum 1/48 (2%)
Thalamic involvement Not applicable (all patients
demonstrated thalamic
involvement as an inclusion
criterion)
Article does not provide
this information
Article does not provide
this information
14/48 (29%)
Abbreviations:
ESES ¼ Electrical status epilepticus in sleep
MRI ¼ Magnetic resonance imaging
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thalamic lesions occurred during the ﬁrst 2 months of age,
and were of vascular origin (hemorrhagic lesions in most
cases) [18,57,58]. These ﬁndings raised the possibility that
early developmental lesions involving the thalamus, espe-
cially those of vascular etiology, comprised a critical
component in the subsequent development of sleep
potentiation of epileptiform activity and electrical status
epilepticus in sleep [18,57,58].
Larger series also support this hypothesis. In a study of 32
patients with prenatal or perinatal thalamic lesions,
a dramatic sleep potentiation of epileptiform activity
developed in 29 cases (90.6%) [30]. In a series of 67 patients
with electrical status epilepticus in sleep and neuroimaging
data, 33 patients (49.3%) manifested early developmental
lesions, but the authors did not provide information on
thalamic involvement [12]. Eighteen of 44 (41%) patients
with electrical status epilepticus in sleep on corticosteroid
treatment demonstrated brain structural lesions, but
whether the thalamus was involved in the lesions was not
speciﬁcally studied [59]. In a recent series of 100 patients
with dramatic sleep potentiation of epileptiform activity, 48
patients (48%) manifested early developmental lesions, and
14 of these 48 patients (29.2%) demonstrated thalamic
involvement [60].
These ﬁndings may be unspeciﬁc because other types of
epilepsy also exhibit a high rate of structural brain lesions.
However, in this study, 100 patients with epilepsy anda dramatic sleep potentiation of epileptiform activity were
compared with a similar group of 47 patients with epilepsy
and without sleep potentiation of epileptiform activity.
Patients with a dramatic sleep potentiation of epileptiform
activity demonstrated a higher frequency of early devel-
opmental lesions (48% vs 19%; odds ratio, 3.9; 95% conﬁ-
dence interval, 1.71-8.9; P ¼ 0.002) and a higher frequency
of thalamic lesion (14% vs 2%; odds ratio, 7.49; 95% conﬁ-
dence interval, 0.95-58.76; P ¼ 0.037) [60]. The type of
lesion in patients with sleep potentiation of epileptiform
activity consisted mainly of prenatal injury, or the insult
occurred during the ﬁrst 2 years of age, with a predomi-
nance of vascular etiology in all series (Table 3 and Fig 5)
[12,18,30,57-60].
These studies also demonstrate that in more than 50% of
patients with continuous spikes and waves during sleep,
the etiology cannot be attributed to a macroscopic struc-
tural brain abnormality, and a functional disruption of
neuronal networks constitutes the suspected cause.
Functional imaging studies
The delineation of neuronal networks that participate in
epileptiform discharges provides some insights into the
mechanisms of neuropsychologic regression. In a series of
12 patients with continuous spikes and waves during sleep
simultaneously studied with functional magnetic resonance
imaging and electroencephalogram source analysis,
a common neuronal network was activated during the
Figure 5. Vascular lesions in patients with continuous spikes and waves during sleep. Three different patients (A, B, and C) manifested an early devel-
opmental vascular lesion affecting the left thalamus. In top row, magnetic resonance images are presented as T2-weighted images in coronal sequence. In
lower row, magnetic resonance images are presented as T2 ﬂuid attenuated inversion recovery-weighted images in axial sequence. Severe encephalomalacia
in the distribution of the left middle cerebral artery affects the three patients with differing severity. Patients A, B, and C developed continuous spikes and
waves during sleep during their childhood.
I. Sánchez Fernández et al. / Pediatric Neurology 47 (2012) 390e410398discharge. This activation involved bilateral perisylvian
regions, the insula, cingulate and prefrontal cortices, and
the thalami. In parallel, a deactivation occurred in the pre-
cuneus, bilateral parietal cortices, and caudate nuclei. This
pattern of common activation and deactivation was inde-
pendent of the original focus of the discharge and the
underlying etiology [21]. Considering the involvement of (1)
the perisylvian region in acoustic perception and language
development, (2) the insular cortex and cingulate gyrus in
working memory, self-control, emotional processing, and
social cognition, and (3) the perisylvian, prefrontal, and
cingulate cortices in memory, the authors hypothesized
that the chronic dysfunction of these neuronal networks
could be related to the neuropsychologic deﬁcits that occur
in continuous spikes and waves during sleep [21].
Furthermore, positron emission tomography studies
indicate that areas remote from hypermetabolic epilepto-
genic foci become hypometabolic during interictal epilep-
tiform activity, a phenomenon termed “remote inhibition.”
De Tiége et al. hypothesized that remotely inhibited areas
may contribute to the global deterioration [34,35].
In a series of 10 patients with continuous spikes and
waves during sleep studied via single-photon emission
computer tomography, a longer duration of discharges led
to hypoperfusion of the chronically discharging focus [50].
Functional studies of various syndromes with electrical
status epilepticus in sleep reveal the metabolic activation of
the perisylvian cortex and thalamus, and the inactivation of
the caudate nuclei in most patients. This set of ﬁndings is
consistent with a core neuronal network that leads to
generalized spikes and waves. The network is common to
different syndromes, regardless of underlying etiologies and
locations of the primary discharging focus. These ﬁndings
underline the central role of the thalamus and its corticalconnections in the generation and propagation of general-
ized spikes and waves [21,61-64], and support the idea of
a focal epileptic originwith secondary bilateral synchrony in
electrical status epilepticus in sleep [21,34,50,65].
Genetic predisposition
Although genetic factors are thought to play a minor role
in continuous spikes and waves during sleep, a few case
reports and small series suggest some degree of genetic
predisposition. The occurrence of continuous spikes and
waves during sleep in two monozygotic twins was
described in a case report [66]. In a series of 13 patients with
electrical status epilepticus in sleep and different clinical
presentations, copy number variations were detected in
four patients with probable pathologic signiﬁcance in two
genes, CHRNA7 and PCYT1B. Both genes participate in the
cholinergic pathway, and the PCYT1B gene is also thought to
participate in the regulation of neuronal sprouting and
branching [43]. A mutation of neuroserpin, a gene involved
in the regulation of synapses, vessel permeability, learning,
memory, and behavior, was detected in an 8-year-old girl
with an electroclinical presentation similar to continuous
spikes and waves during sleep [67]. A de novo 8q12.3q13.2
microdeletion was detected in a 9-year-old girl with dys-
morphic features and continuous spikes and waves during
sleep, but the speciﬁc gene that may have been associated
with the appearance of continuous spikes and waves during
sleep in this case was unknown [68]. In a patient with
continuous spikes and waves during sleep, a rare copy
number variant of uncertain pathogenic signiﬁcance was
evident in the DOK5 gene, located on chromosome 20q13
[69]. Familial antecedents of seizures (including febrile
seizures) occur in around 10-15% of patients with contin-
uous spikes and waves during sleep [9,28].
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Treatment choices in continuous spikes and waves
during sleep are mostly based on case reports and small
uncontrolled cohorts [10,70]. The comparison of thera-
peutic strategies used in different studies is challenging
because of heterogeneous patient populations, different
drug doses, frequent polytherapy, variable durations of
treatment, different measures of outcome, and naturally
occurring ﬂuctuations in severity over time. At present,
whether any anticonvulsant is better than another remains
unclear [71].
Antiepileptic drugs
The most commonly used drugs for continuous spikes
and waves during sleep include benzodiazepines, valproate,
ethosuximide, and levetiracetam [70]. A transient arrest in
the pattern of electrical status epilepticus in sleep was
demonstrated after the administration of clonazepam
[26,27,72], but clonazepam was reported to lack efﬁcacy in
four patients [29]. High-dose diazepammarkedly decreased
epileptiform activity in uncontrolled series of continuous
spikes and waves during sleep, i.e., in 15/15 patients after
the rectal administration of 1 mg/kg followed by the oral
administration of 0.5-0.75 mg/kg/day [73], in 3/8 patients
after the oral administration of 0.75-1.0 mg/kg/day [29], in
2/4 patients after the oral or rectal administration of 0.5-1.0
mg/kg/day [26], and in 5/14 patients after the oral or rectal
administration of 1 mg/kg, followed by the oral adminis-
tration of 0.5 mg/kg/day [74]. The mean epileptiform
activity in 29 patients with electrical status epilepticus in
sleep decreased from 77% to 41% after a nocturnal admin-
istration of 1 mg/kg oral diazepam [75]. The short-term
improvement of electrical status epilepticus in sleep is
generally followed by frequent relapses [29,73,74]. Adverse
effects of high-dose diazepam treatment are generally
considered mild and self-limited [73,75], but problematic
behavioral dishinbition has also been described in some
children [10].
High-dose valproate, alone or with associated ethosux-
imide, led to long-term control of epilepsy and the partial
recovery of cognitive function in 10/15 patients with
continuous spikes and waves during sleep [26]. The combi-
nation of valproate and ethosuximide was also effective in
two additional patients [40]. However, other studies could
not reproduce a relevant improvement after similar treat-
ment regimens in children with continuous spikes and
waves during sleep. Valproate was not effective in 28
patients [29], valproate andbenzodiazepines didnot achieve
any improvement in seven patients and were associated
with an adverse behavioral reaction in three children [33],
and valproate was not effective in different case reports
[76-78]. Ethosuximidewas reported to lack efﬁcacy in seven
patientswith continuous spikes andwavesduring sleep [29],
and to exert a modest effect in three [76].
Levetiracetam was considered efﬁcacious in several case
series [22,29,38,76,77,79]. In addition, the only placebo-
controlled double-blind crossover study in patients with
electrical status epilepticus in sleep indicated that treat-
ment with levetiracetam reduced epileptiform activity in 18
patients [80]. Other antiepileptic drugs with some reported
therapeutic success in individual patients or uncontrolledsmall case series included clobazam [29,81], sulthiame
[29,82], and lamotrigine [56,81]. Lamotrigine was reported
to lack efﬁcacy in 19 patients with continuous spikes and
waves during sleep [29]. Topiramate was reported to lack
efﬁcacy in 14 patients with continuous spikes and waves
during sleep [29].
Phenytoin, phenobarbital, and especially carbamazepine
and oxcarbazepine are generally avoided because they have
been associated with exacerbations of epileptiform
discharges during electrical status epilepticus in sleep
[81,83-85]. However, improvement with phenytoin in two
out of four patients was also reported [26].
Immune modulation therapy
Corticosteroids have led to electroencephalogram and
clinical improvements in selected cases of continuous spikes
andwaves during sleep [78,86]. In a series of 44 childrenwith
a pattern of electrical status epilepticus in sleep and different
clinical presentations (continuous spikes and waves during
sleep, Landau-Kleffner syndrome, and others), prolonged
corticosteroid treatment (hydrocortisone 5 mg/kg/day
during the ﬁrst month, 4 mg/kg/day during the second
month, 3 mg/kg/day during the third month, and 2 mg/kg/
day during the next 9 months, followed by slow withdrawal
for a total treatment duration of 21months) led to reductions
of seizures or neuropsychologic improvement in 34/44 cases,
achieving complete control of seizures in 34 patients and the
normalization of electroencephalogram ﬁndings in 21
patients. The long-term remission rate was 45%. However,
the inclusion of milder clinical presentations could have
biased the outcomes [59]. A positive response to corticoste-
roids (prednisone, methylprednisolone, or adrenocortico-
trophic hormone) was observed in 11 out of 17 patients with
continuous spikes and waves during sleep [29]. The intra-
muscular administration of 0.001-0.04 mg/kg/day of adre-
nocorticotrophic hormone was reported effective in one out
of four patients [26]. However, the side effects of cortico-
steroid treatment usually limit its long-term use.
Intravenous immunoglobulin was associated with
improvements in three out of nine patients with continuous
spikes and waves during sleep [29]. Moreover, the neuro-
psychologic condition of one out of three patients with
continuous spikes and waves during sleep improved with
this treatment [87].
Surgical treatment
Hemispherectomy and focal resective surgery were
demonstrated to be highly beneﬁcial in controlling seizures
and improving electroencephalogram tracings in selected
patients with continuous spikes and waves during sleep of
focal structural etiology. Two patients with continuous
spikes and waves during sleep secondary to neonatal stroke
markedly improved after hemispherectomy [88]. Two
patients with continuous spikes and waves during sleep
secondary to early developmental lesions in the thalamus
became seizure-free after a hemispherectomy in one, and
after an extensive corticectomy around a large por-
encephalic cyst in the other [30]. In a series of eight patients
with continuous spikes andwaves during sleep secondary to
perinatal infarction (seven patients) and a malformation of
cortical development (one patient), six patients underwent
a hemispherectomy, and two underwent focal resection.
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status epilepticus in sleep (in all patients), seizure freedom
(in six patients), marked improvement in seizure control
(in two patients), and an overall improvement in cognitive
function (in three out of ﬁve patients with neuropsychologic
evaluation) [16]. Thirteen patients with continuous spikes
and waves during sleep secondary to various early devel-
opmental brain lesions underwent anterior callosotomy
(six patients), total callosotomy (three patients), hemi-
spherectomy (two patients), and lobar resection (two
patients), resulting in overall improvements of seizure
control, electroencephalogram tracing features, and cogni-
tive level in most patients [32].
Summary of management
The treatment of patients with continuous spikes and
waves during sleep may include nocturnal high-dose diaz-
epam for the acute control of very active disease, but
frequent relapses limit its long-term use [29,73,75]. Stan-
dard antiepileptic drug regimens should be used as chronic
therapy for this syndrome. The clinician should bear in
mind that polytherapy is frequently needed, and that the
selection of any speciﬁc antiepileptic drug or combination
of drugs is not strongly supported by the literature. There-
fore, any drug regimen that best controls the individual
patient should be used [8]. Treatment with corticosteroids,
adrenocorticotrophic hormone, or intravenous immuno-
globulin may be undertaken in patients who do not respond
to conventional antiepileptic drugs, which is frequently the
case [8,10]. Surgical management should be considered in
patients with an early unilateral developmental lesion, even
when the epileptiform activity is generalized [89,90].Outcomes
Three different aspects in assessing the outcomes of
continuous spikes and waves during sleep can be consid-
ered: clinical seizures, electrical status epilepticus in sleep,
and neuropsychologic function.
Clinical seizures
Epilepsy disappears with age (Figs 1 and 2) [8-10,
23,28,31]. This age-related pattern is universal and in-
dependent of etiology, as illustrated by remissions in
patients with a static structural brain lesion [19,30,56] and
even in patients with a progressive neurodegenerative
disorder [44].
Electroencephalogram abnormalities
Electrical status epilepticus in sleep progressively
resolves with the reappearance of physiologic patterns of
sleep and more focal discharges that tend to disappear after
a variable period of time [10,28,31]. Generally, the resolu-
tion of electrical status epilepticus in sleep occurs around
the same age as seizure freedom, but can persist and at
times be very active after the last seizure [20,28].
Neuropsychologic function
A mild to moderate improvement in neuropsychologic
function is expected at the beginning of the residual stage. A
normal or near-normal outcome is very rare, and at least
50% of patients remain severely impaired [8-10]. In a seriesof 10 patients with focal nonlesional continuous spikes and
waves during sleep, only three patients were almost
completely normal after a mean follow-up period of 15.6
years (range, 8-23 years) [91].
Prognostic factors
The long duration in the pattern of electrical status epi-
lepticus in sleep has been classically associated with poor
neuropsychologic outcomes [8-10,28]. In a literature review
of 209 cases, a duration of electrical status epilepticus in
sleep for longer than 2 years was associated with poor
cognitive outcomes [92]. In ﬁve patients with continuous
spikes andwaves during sleepwho underwent preoperative
and postoperative neuropsychologic assessment,
a tendency toward better developmental quotients was
evident in those with a later onset of epilepsy and a higher
proportion of seizure-free time [16]. In a series of 30 patients
with continuous spikes and waves during sleep, a correla-
tion was evident between duration of the pattern of elec-
trical status epilepticus in sleep and the residual intellectual
deﬁcit at follow-up. No intellectual residual deﬁcits were
present in most patients with a period of electrical status
epilepticus in sleep shorter than 13 months, whereas
a residual deﬁcit was the rule in patients with periods of
electrical status epilepticus in sleep longer than 18 months
[29]. These ﬁndings contrast with those in a series of seven
patients with continuous spikes and waves during sleep, in
whom no clear link was evident between duration of elec-
trical status epilepticus in sleep and cognitive outcome,
although all patients presented a minimum duration of
electrical status epilepticus in sleep of 4 years, and most
exhibited a poor cognitive recovery [33].
The mechanism of neuropsychologic regression
An ongoing debate concerns the impact of prolonged
epileptiform activity on neuropsychologic deﬁcits. Cortical
information processing is disrupted by interictal epilepti-
form discharges, and a good correlation exists between the
cortical location of interictal discharges and the disrupted
function [51,93-96]. Moreover, epileptiform activity during
sleep may interfere with learning and the mechanisms of
memory consolidation [94,97-99]. Consequently, near-
continuous epileptiform discharges were thought to
explain the severe neuropsychologic regression in contin-
uous spikes and waves during sleep [9,51,93,94]. On the
other hand, the impact of interictal epileptiform discharges
on cognitive function is not severe enough to serve as the
sole explanation for the degree of neuropsychologic
regression [93,96]. In addition, other patients with near-
continuous epileptiform discharges during prolonged
periods of time, such as individuals with absence status
epilepticus, do not demonstrate long-term cognitive
impairment [93,100]. The mechanisms leading to neuro-
psychologic regression in continuous spikes and waves
during sleepmay bemore complex thanpreviously thought,
andmay result from the cumulative effects of several known
and other unknown factors over a prolonged period of time:
(1) the underlying cause of the continuous spikes andwaves
during sleep, (2) the effect of ictal and postictal periods on
brain activity, (3) deﬁcits in information processing during
interictal epileptiform activity, (4) disruption of the learning
and memory consolidation mechanisms, and (5) the
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cally discharging brain [93,94,96,99,101,102]. Polypharmacy
and high blood levels of antiepileptic drugs may also lead to
cognitive side effects that may add to the neuropsychologic
regression [99,103].
Modiﬁcation of the natural course of the disease
Many studies suggest that long-term neuropsychologic
functionmay signiﬁcantly improve if epileptiform activity in
the electroencephalogram can be reduced with antiepileptic
drugs [9,10,24,26,40,51,86,104-106]. In several patients,
however, treatment has led to resolution in the pattern of
electrical status epilepticus in sleep without signiﬁcant
changes in neuropsychologic status [29,72] and the reverse
also holds true: improvements in cognitive status can be
accompanied by a lack of associated electroencephalogram
normalization [38]. Moreover, any experimental treatment
for a disorder with a ﬂuctuating course is usually initiated
when thepatient’s symptoms and signs peak,making at least
some spontaneous improvement likely. This improvement
may be incorrectly attributed to the treatment [87]. In
summary, the common belief that the suppression of
epileptiform activity modiﬁes the long-term prognosis of
continuous spikes andwavesduring sleep remainsunproven.
Landau-Kleffner syndrome
Landau-Kleffner syndrome was ﬁrst described in a series
of six children as a syndrome of acquired, largely receptive
aphasia in association with some manifestations of
convulsive disorder [53]. Landau-Kleffner syndrome is an
age-related epileptic encephalopathy that only occurs in
children and adolescents (Fig 1). Severe language regression
and electroencephalographic abnormalities are accompa-
nied by infrequent and easily controlled seizures. It is a rare
condition, as illustrated by the ﬁnding that in a large series
of 440 epileptic childrenmonitored in an outpatient setting,
only one patient (0.2%) manifested Landau-Kleffner
syndrome [13]. The speciﬁc age at onset is difﬁcult to
assess in the literature because of heterogeneous inclusion
criteria and because the onset is subacute. It is estimated to
range fromages 2-8 years, with a peak around ages 3-6 years
[23,25,27,47,104-107]. In a study of 11 patients with Landau-
Kleffner syndrome, the median (25th-75th percentiles and
range) age at onset of language regression was 3 years
(2.5-4.6 years and 1.5-5.7 years) [106], and in another series
of 18 children with Landau-Kleffner syndrome, the median
(25th-75th percentiles and range) age at onset of aphasia
was 4.3 years (3.5-6.0 years and 1.5-7.0 years) years [105].
Boys are affected twice as frequently as girls [23,25,47,106].
Language regression
The most prominent manifestation of Landau-Kleffner
syndrome is the loss of receptive and later expressive
language in children with previously normal to mildly
delayed speech development. The aphasia demonstrates
a subacuteonset and aprogressive course,with spontaneous
ﬂuctuations over time. Initially affected children demon-
strate verbal agnosia, i.e., an inability to understand spoken
language that can mimic deafness. The underlying mecha-
nism involves an inability to give semantic signiﬁcanceto different sounds. Deﬁcits in the cortical processing of
auditory information are supported by normal audiograms
and normal brainstem auditory evoked potentials. However,
no ﬁrm literature supports the routine clinical use of
frequency-modulated auditoryevoked responses in Landau-
Kleffner syndrome. Receptive aphasia is followed by
expressive aphasia, with amarked reduction in spontaneous
speech. Behavioral and neuropsychologic deterioration
often accompanies the language regression, although its
severity is much less intense than in continuous spikes and
waves during sleep [10,25,104,105].
Electroencephalogram features
An electroencephalogram interictal tracing during
wakefulness can demonstrate bilateral centrotemporal,
posterior temporal, and parieto-occipital spikes that
becomemuchmore intense and diffuse during nonrapid eye
movement sleep. This marked sleep potentiation of epilep-
tiform activity frequently leads to a pattern of electrical
status epilepticus in sleep [25,104]. The pattern of electrical
status epilepticus in sleep in patients with Landau-Kleffner
syndrome tends to be unilateral or clearly lateralized [53].
Seizures
Despite the severe electroencephalogram abnormalities,
seizures never occur in 20-30% of patients. When present,
seizures are infrequent and easy to control, and appear
mostly out of sleep. The most common seizure type
comprises partial motor, but generalized clonic, partial
clonic, and atypical absence seizures can also occur [10,104].
Etiology
Structural brain lesions are very infrequent, and neuro-
imaging is usually not recommended in Landau-Kleffner
syndrome [8]. However, a reduction of volume in language-
eloquent areas has been described [108]. In a patient with
Landau-Kleffner syndrome, a rare copy number variant with
pathogenic signiﬁcance was detected in the SLC26A1 gene,
locatedon the4p16 chromosome [69]. Another copynumber
variant with likely pathogenic signiﬁcance was detected in
the SYT2 gene, located on chromosome 1q32 in another
patient with Landau-Kleffner syndrome [69].
Management
Seizure control is usually not a problem in Landau-
Kleffner syndrome, and several antiepileptic drugs such as
valproate, ethosuximide, clonazepam, or clobazam were
demonstrated to be effective [25,27,40]. Phenytoin, pheno-
barbital, and especially carbamazepine and oxcarbacepine
are generally to be avoided because they have been asso-
ciated with exacerbations of the epileptiform discharges of
electrical status epilepticus in sleep [81,83-85].
Corticosteroids are reported to improve the evolution of
the disease markedly [25,59,86]. Intravenous immuno-
globulin demonstrated promising results in a few cases of
Landau-Kleffner syndrome [87,109-113]. The ketogenic diet
and a vagus nerve stimulator led to some clinical improve-
ment in selected patients [114,115].
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epileptic discharges generally involves the eloquent cortex,
including language areas. The technique of multiple subpial
transections aims to sever only horizontal cortico-cortical
synchronizing networks, while leaving vertical cortico-
subcortical networks intact. This treatment approach has
led to variable results [116-118].
A rational approach to treatment cannot be derived from
the literature because of the use of heterogeneous deﬁni-
tions for the syndrome, spontaneous ﬂuctuations in
severity, and the lack of controlled series and comparative
trials. Whether any treatment modiﬁes the overall prog-
nosis of the syndrome remains to be proven.
Outcome
Seizures remit spontaneously after a relatively short
time. The electroencephalogram results normalize, and
some language improvement is evident before puberty. In
a series of 11 patients with Landau-Kleffner syndrome, the
median (25th-75th percentiles and range) age of language
improvement was 5.7 years (4.4-7.9 years and 3.3-9.8 years)
[106]. However, less than one quarter of the patients
recovered their baseline status [106].
“Benign” pediatric focal epileptic syndromes
“Benign” epilepsy with centrotemporal spikes, Panayio-
topoulos syndrome, and Gastaut-type late-onset childhood
occipital epilepsy share similar features: a strong genetic
predisposition, the age-related appearance and disappear-
ance of electroclinicalmanifestations, and a “benign” clinical
course.
“Benign” epilepsy of childhood with centrotemporal spikes
Epidemiology
“Benign” epilepsy with centrotemporal spikes consti-
tutes the most frequent pediatric focal epileptic syndrome,
accounting for 10-24% of new-onset pediatric epilepsies
[119-122]. Boys are more frequently affected than girls, with
a ratio of 3:2 [123].
Clinical presentation
The onset of seizures peaks at around 7-10 years of age
(Fig 1). Most seizures occur out of nonrapid eye move-
ment sleep, or in the transition from wakefulness to
sleep. The seizure semiology is typical, with unilateral
sensory and motor manifestations in the oropharyngeal
area, i.e., numbness, a choking sensation, tonic deviation
of the angle of the lip, clonic contractions on one side of
the mouth, drooling, and grunting. Ictal anarthria
comprises an oromotor impairment of speech production,
often confused with aphasia. These episodes generally last
1-2 minutes, and consciousness and memory of the
episode are retained in 50% of cases. The ipsilateral and
generalized spread of seizure activity occasionally occurs
[11,124].
Electroencephalogram features
Clusters of high-voltage spikes or sharp waves in the
centralorcentrotemporal area interrupt anotherwisenormalinterictal tracing. Triphasic spikes (although apparently
diphasic, on closer inspection spikes are typically triphasic,
with a small initial deﬂection) [125,126] demonstrate a hori-
zontal dipole, with a negative maximum at C3/T7 or C4/T8
and a positive frontalmaximum. Discharges can be unilateral
or bilateral, with variable symmetry and synchrony. Spikes
tend to activate and generalize during nonrapid eye move-
ment sleep, leading to the pattern of electrical status epi-
lepticus in sleep in some cases. Around 30% of patients
manifest discharges exclusively during sleep [124,127].Panayiotopoulos syndrome
Epidemiology
Panayiotopoulos syndrome is estimated to be half as
frequent as “benign” epilepsy with centrotemporal spikes
[128]. Boys and girls are equally affected [11].
Clinical presentation
Seizures appear at around 3-6 years of age (Fig 1), with
two thirds of the seizures occurring out of sleep. Autonomic
seizures and autonomic status epilepticus comprise the
hallmarks of the syndrome, with ictal nausea, retching, and
vomiting as prominent autonomic manifestations. Tonic
eye deviation and repetitive movements are frequently
observed. Seizures lastmore than10minutes, and frequently
progress into status epilepticus [11,129].
Electroencephalogram features
Focal and multifocal high-amplitude spikes and sharp
waves interrupt the otherwise normal awake interictal
tracing. Discharges are signiﬁcantly potentiated during
sleep, leading to electrical status epilepticus during sleep in
some cases [11,130].Gastaut-type late-onset childhood occipital epilepsy
Epidemiology
Gastaut-type late-onset childhood occipital epilepsy is
relatively rare, and accounts for around 5% of benign
childhood focal seizures. Both sexes are equally affected [11].
Clinical presentation
Seizure onset peaks at around ages 8-11 years (Fig 1). All
patients manifest seizures out of wakefulness, but around
one third also manifest seizures out of sleep. The clinical
hallmark of Gastaut-type late-onset childhood occipital
epilepsy comprises frequent visual auras of 1-2 minutes in
duration. They consist of the stereotypic appearance of
ﬂashing or static small, multicolored circular patterns in the
periphery of the visual ﬁelds that become larger, multiply,
and move horizontally to the other side. Convulsions can
occur after the visual signs [11,128].
Electroencephalogram features
Occipital epileptiform discharges interrupt the normal
interictal background during wakefulness. Discharges occur
when the eyes are closed, and generally attenuate or
disappear when the eyes are open. Marked sleep potentia-
tion is evident. Intermittent photic stimulation is frequently
positive [11,128].
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Normal neuropsychologic function was considered
essential in the deﬁnition of the “benign” pediatric focal
epileptic syndromes. However, detailed neuropsychologic
examination has revealed an increased prevalence of mild
cognitive impairment, reading and learning disabilities,
attention deﬁcit hyperactivity disorder, and behavioral
problems [131-135]. Most of these deﬁcits are subtle and
disappear with age, but more severe cognitive impairment
has also been described [135,136].
Outcome
Seizures are infrequent, and spontaneous remission
generally occurs 1-4 years after onset in “benign” epilepsy
with centrotemporal spikes and Panayiotopoulos syndrome
[11,130]. Most patients with Gastaut-type late-onset child-
hood occipital epilepsy remit 2-7 years after onset, but
around 20-50% manifest persistent seizures [11,128]. Elec-
troencephalogram abnormalities may persist long after
seizures cease, and therefore do not provide assistance in
making decisions about discontinuing treatment.
Treatment
The management of benign pediatric focal epileptic
syndromes is mostly based on small case series and
expert opinions, but large, randomized, controlled studiesTable 4. Comparison of typical features in the main clinical syndromes associated w
CSWS LK
Baseline development 2/3 normal; 1/3 abnormal. N
Neuropsychologic regression Severe and global impairment. Se
m
Severity of epilepsy Very severe. Ve
se
Predominant type of seizures Prodromal stage: Unilateral
motor seizures.
Acute stage: Atypical absence
seizures, partial seizures,
generalized tonic-clonic seizures.
Tonic seizures never present.
Si
Interictal spike-wave localization Generalized during non-REM sleep.
More focal during wakefulness
and REM sleep.
Ce
an
Sleep potentiation þþþ þ
Seizure prognosis Self-limited. Se
EEG prognosis Progressive resolution of
epileptiform discharges.
Pr
di
Neuropsychologic prognosis Partial improvement before puberty.
Moderate to severe neurocognitive
residual impairment.
La
ar
la
Abbreviations:
þþ ¼ Moderate sleep potentiation
þþþ ¼ Marked sleep potentiation
BECTS ¼ Benign epilepsy with centro-temporal spikes
CSWS ¼ Continuous spikes and waves during sleep
LKS ¼ Landau-Kleffner syndrome
LOCOE-G ¼ Late-onset childhood occipital epilepsy (Gastaut type)
PS ¼ Panayiotopoulos syndrome
REM ¼ Rapid eye movementcomparing different management strategies are lacking
[11,137,138]. This lack of studies may reﬂect the fact that
many different therapeutic strategies, and even the “no-
treatment” option, are associated with a benign course and
eventual remission.
The treatment of “benign” epilepsy with centrotemporal
spikes and Panayiotopoulos syndrome with a mild presen-
tation is generally not recommended because of the infre-
quent, “benign,” and self-remitting character of the seizures
[130,139]. Because patients with Gastaut-type late-onset
childhood occipital epilepsy manifest frequent seizures and
generalization is not rare, treatment with antiepileptic
drugs is recommended in most of them [11,128].Seizure susceptibility syndrome
Continuous spikes and waves during sleep, Landau-
Kleffner syndrome, and “benign” pediatric focal epileptic
syndromes are easily distinguished when their electro-
clinical features are typical (Table 4). However, some
common characteristics make a compelling argument for
them to be considered part of an electroclinical continuum.Common features
Continuous spikes and waves during sleep, Landau-
Kleffner syndrome, and “benign” pediatric focal epileptic
syndromes share several important features:ith ESES
S Benign Focal Pediatric Epileptic
Syndromes
ormal. Normal.
vere language impairment,
oderate behavioral problems.
Mild neurocognitive and
behavioral deﬁcits.
ry mild: One third do not manifest
izures.
Mild.
mple partial motor seizures. BECTS: Simple partial motor
seizures, i.e., unilateral facial
twitches, drooling.
PS: Autonomic seizures and
autonomic status epilepticus.
LOCOE-G: Simple visual
hallucinations.
ntrotemporal, posterior temporal,
d parieto-occipital.
BECTS: Centrotemporal.
PS: Multifocal. LOCOE-G:
Occipital.
þ þþ
lf-limited. BECTS and PS: Self-limited.
LOCOE-G: Seizure persistence
in 20-50%.
ogressive resolution of epileptiform
scharges.
Progressive resolution of
epileptiform discharges.
nguage and behavioral improvement
ound puberty, with frequent residual
nguage deﬁcits.
Normal development or mild
and transient neurocognitive
and behavioral abnormalities.
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ation of epileptiform activity, and neuropsychologic
deﬁcits;
(2) An age-related evolution, with onset in early child-
hood and spontaneous improvement before puberty
(Fig 1);
(3) Much more frequent and generalized interictal epilep-
tiform discharges during nonrapid eyemovement sleep;
(4) Epileptiform abnormalities of disproportionate severity,
in comparison with their clinical correlates; and
(5) The frequent persistence of interictal epileptiform
discharges for years after seizure freedom.Overlapping features
Many patients present with clinical features that do not
adhere to the boundaries separating these entities. In
a series of 10 patients with electrical status epilepticus in
sleep, ﬁve manifested continuous spikes and waves during
sleep with global cognitive deterioration, two manifested
continuous spikes and waves during sleep with more
speciﬁc cognitive deterioration, and three manifested
Landau-Kleffner syndrome [33]. A series of 16 patients with
idiopathic focal pediatric epilepsies evolved to continuous
spikes and waves during sleep or related syndromes [41]. In
a large series of 196 patients with “benign” epilepsy and
centrotemporal spikes, nine (5%) developed continuous
spikes and waves during sleep, and four (2%) developed
Landau-Kleffner syndrome [135]. In a series of 30 patients
with continuous spikes and waves during sleep, 11 (37%)
children initially presented with a “benign” focal pediatric
epileptic syndrome [29]. Ictal vomiting, the hallmark of
Panayiotopoulos syndrome, occurs together with cen-
trotemporal spikes, the hallmark of “benign” epilepsy with
centrotemporal spikes [140], and up to 10% of patients with
Panayiotopoulos syndrome manifest typical rolandic
seizures [130]. In a series of 16 children with “benign” focal
pediatric epileptic syndromes, one third of the patients
presented with mixed features of Panayiotopoulos
syndrome and Gastaut-type late-onset childhood occipital
epilepsy [141]. Two patients with electroclinical features of
both “benign” epilepsy with centrotemporal spikes and
Panayiotopoulos syndrome, and one patient with electro-
clinical features of both “benign” epilepsy with cen-
trotemporal spikes and Gastaut-type late-onset childhood
occipital epilepsy, were recently described [142]. One
evolved to atypical benign focal epilepsy, another devel-
oped verbal auditory agnosia and aphasia, and the third one
evolved to continuous spikes and waves during sleep [142].
In addition, relatives of patients with benign focal pediatric
epileptic syndromes manifest an unspeciﬁc predisposition
to seizures, i.e., epileptiform discharges without apparent
clinical correlates or with different epileptic syndromes in
different members of the same family [11,128,143].
Intermediate syndromes
Some authors consider some of those intermediate
electroclinical presentations to constitute speciﬁc electro-
clinical syndromes such as epileptiformopercular syndrome
[35,42] or atypical benign partial epilepsy [135,144].The hypothesis of a common pathophysiology
A shared underlying mechanism with different degrees
of expression could account for the electroclinical
continuum of continuous spikes and waves during sleep,
Landau-Kleffner syndrome, and “benign” focal pediatric
epileptic syndromes. A genetically determined disruption
of brain maturation during the ﬁrst years of age would lead
to hyperexcitable neuronal networks. The location of these
hyperexcitable neuronal networks would determine the
different clinical features: the lower rolandic cortex that
represents the face and the oropharynx could lead to the
clinical features of “benign” epilepsy with centrotemporal
spikes, the central autonomic neuronal networks could
manifest their discharges as Panayiotopoulos syndrome,
the occipital lobe that represents the cortical visual system
could express its abnormalities as Gastaut-type late-onset
childhood occipital epilepsy, and the language eloquent
cortex could manifest as Landau-Kleffner syndrome
[11,145]. More severe disruptions of neuronal networks
sometimes secondary to early developmental lesions, such
as vascular lesions or malformations of cortical develop-
ment, could lead to the very severe epileptic encephalop-
athy of continuous spikes and waves during sleep
[30,60,146]. Because neuronal excitability and the devel-
opment of pathologic neuronal networks follow an age-
related course, clinical expression also follows this time
pattern. The actual occurrence of seizures depends on the
degree of hyperexcitability. One proposed framework
posits that whereas most affected children (>90%) manifest
only with epileptiform discharges without clinical corre-
late, around 9% may present with benign pediatric focal
epileptic syndromes, and in less than 1% of children,
frequent and difﬁcult-to-control seizures and severe neu-
ropsychologic regression may occur [11].Insights from basic research and experimental models
The cortico-thalamocortical neuronal network
Anatomic and functional characteristics of the thalamic
reverberating circuit
Sleep spindles comprise a hallmark feature of the elec-
troencephalogram tracing during stage II of nonrapid eye
movement sleep. They consist of intermittent bursts of
oscillating waves at 10-15 Hz that last for 1-3 seconds. The
spindle rhythm generator involves the thalamic reverber-
ating circuit, which essentially consists of two sets of
neurons: GABAergic reticular neurons located in the retic-
ular nucleus, and glutamatergic thalamocortical neurons
located in the dorsal thalamic nuclei. Reticular neurons
project into the dorsal thalamic nuclei, and thalamocortical
neurons send projections to the cerebral cortex, with
collaterals projecting back to the reticular nucleus. Both the
reticular nucleus and the dorsal thalamic nucleus receive
projections from the cortical neurons (Fig 6) [147]. When
reticular neurons depolarize, they release GABA in the
dorsal thalamic nuclei, leading to hyperpolarization in the
membranes of thalamocortical neurons. This hyperpolar-
ization causes the de-inactivation of low-threshold T-type
Ca2þ channels, enabling the generation of rebound bursts of
action potentials in the membrane of thalamocortical
Figure 6. Simpliﬁed schematic representation of the anatomic and func-
tional interactions between GABAergic neurons in the reticular nucleus and
glutamatergic thalamocortical neurons. Reticular neurons send inhibitory
GABAergic projections to the thalamocortical neurons in the dorsal
thalamic nuclei. Thalamocortical neurons send excitatory glutamatergic
projections to the cerebral cortical neurons, and send back collaterals to the
reticular neurons. Both reticular and thalamocortical neurons receive
excitatory glutamatergic projections from the cerebral cortical neurons.
The inﬂuence of cerebral cortical neurons on thalamocortical neurons is
discrete, and is represented by the thinner line in that projection. CN,
cortical neurons; RN, reticular neurons; TCN, thalamocortical neurons.
Figure 7. Simpliﬁed schematic representation of the anatomic and func-
tional interactions between the spindle rhythm generator, the cerebral
cortex, and the reticular activating system. The glutamatergic projections
from cerebral cortex neurons activate the spindle rhythm generator. The
projections from the subcortical reticular activating system exert an
inhibitory modulation effect on the spindle rhythm generator. CN, cortical
neurons; RAS, reticular activating system; RN, reticular neurons; TCN,
thalamocortical neurons.
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glutamate from their axonal projections onto glutamate
receptors of reticular neurons, which depolarize and
initiate a new cycle of this oscillatory circuit. Therefore, the
thalamocortical neurons are actually activated, albeit with
a delay, in response to the inhibition by reticular
neurons [147].
Alteration of the thalamic reverberating circuit by cortical and
subcortical modulators
The thalamic reverberating circuit does not need the
participation of other brain structures to generate oscil-
lating rhythms, and in demonstration of this phenom-
enon, brain slices limited to portions of the thalamus
can generate spindle-like network activity [148-150].
However, other brain structures may modulate the
thalamic-generated oscillatory rhythms. Cerebral cortex
neurons send excitatory projections onto reticular
neurons that depolarize in response to glutamate, which
causes the potentiation of the thalamic reverberating
circuit. Furthermore, feedforward and feedback connec-
tions between the cerebral cortex and the thalamus play
a critical role in the synchronous and coherent distri-
bution of thalamic-generated rhythms [146]. Interest-
ingly, weakening of the synapse between the cerebral
cortex and the reticular nucleus also leads to enhanced
thalamic reverberating circuit synchrony [151]. The
inputs from the subcortical reticular activating system
tonically inhibit the thalamic reverberating circuit during
wakefulness and rapid eye movement sleep. During
nonrapid eye movement sleep, the activity of the retic-
ular activating system decreases, leading to the release of
the oscillating properties of the thalamic reverberating
circuit (Fig 7) [147].Generalized spike-waves as a corruption of the physiologic sleep
spindles
Generalized spike-waves comprise the electroenceph-
alogram hallmark of electrical status epilepticus in sleep.
The circuit that originates and disseminates spike-waves is
thought to be the same as the circuit previously described
for sleep spindles [152]. Therefore, a classic hypothesis
proposes that generalized spike-waves result from a path-
ologic modiﬁcation of sleep spindles [146,147]. This path-
ologic switch would be caused by a shift from
physiologically prevailing GABAA neurotransmission to
pathologically predominant GABAB neurotransmission.
Under physiologic circumstances, when reticular neurons
depolarize, they release GABA to neighboring reticular
neurons. GABAA receptor-mediated inhibition limits the
number of neurons involved in a particular cycle of
network discharge, avoiding the hypersynchronized ﬁring
of reticular neurons (Fig 8). The downregulation of GABAA
neurotransmission may cause the hypersynchronous
discharge of reticular neurons, leading to a robust high-
voltage oscillation [146]. In parallel, the downregulation
of GABAA neurotransmission may lead to a predominance
of GABAB neurotransmission in the synapse between
reticular and thalamocortical neurons. GABAB receptors
are associated with a longer latency of synaptic trans-
mission, which could explain the slowing in frequency of
generalized discharges from the 7-14 Hz frequency of sleep
spindles to the 2.5-3.5 Hz frequency of generalized spike-
waves [146]. Therefore, according to this hypothesis,
pathologic spike-waves could be considered high-voltage,
slower versions of physiologic sleep spindles [146].
Signiﬁcant GABAB receptor activation is primarily ach-
ieved only with strong presynaptic stimulation [153].
Figure 8. Simpliﬁed schematic representation of neighbor inhibition in the
reticular nucleus. The activated reticular neurons inhibit neighboring
reticular neurons through the release GABAA. This mechanism prevents
hypersynchronization. RN, reticular neurons; TCN, thalamocortical
neurons.
Figure 9. Evolution of neurotransmitter receptors expression over time.
During the critical period (shaded rectangle), excitatory receptors are
overexpressed, and inhibitory receptors are underexpressed compared
with any other period of life. AMPA, alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid; GABA, gamma-aminobutyric acid; NMDA, N-
methyl-D-aspartate. (Adapted with permission from Rakhade and Jensen
[159], by permission of Macmillan Publishers, Ltd., 2009.)
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a primary epileptic focus in the cortex discharges frequently
and facilitates strong, synchronized reticular neuron
bursting,which could cause an imbalance from the normally
prevailing GABAA to a pathologically predominant GABAB
neurotransmission [146]. Structural brain lesions involving
the thalamus were also proposed to dysregulate GABAergic
neurotransmission in the reticular nucleus, leading to
the generation of generalized spike-waves [30,60].
This hypothesis was recently put into question because
spike-waves also occur out of wakefulness (and not only out
of sleep), and because the changes in GABA neurotrans-
mission are much more heterogeneous and complex than
previously thought [154]. A discussion on the exact mech-
anisms underlying the generation of spike-waves is far
beyond the scope of this review [155,156]. However,
according to a recent proposal, both sleep spindles and
generalized spike-waves share the same anatomic neuronal
networks. Sleep spindles would originate from the thalamic
reverberating circuit, and would use thalamocortical
neuronal networks to disseminate. In contrast, generalized
spike-waves would originate from the cerebral cortex, and
this abnormal cortical discharge would disrupt normal
transmission in the thalamic reverberating circuit, leading
to an increase in the GABAergic tonic inhibition of thala-
mocortical neurons, which would maintain the paroxysmal
spike-waves in the cortico-thalamocortical neuronal
circuitry [154,157].
The signiﬁcance of early developmental lesions
Brain insults occurring early during brain development
are known to dramatically disrupt the complex interplay
between the environmental, genetic, molecular, and
cellular mechanisms implicated in normal brain develop-
ment and maturation [158,159]. These insults can not only
cause seizures immediately after the insult, but also trigger
an epileptogenic cascade that leads to the development of
pathologic neuronal networks and epilepsy in the long
term [160].The development of an epileptic neuronal network
The predisposition of the immature brain to seizures
The generation and maintenance of synapses and
neuronal networks requires a predominance of excitatory
activity. The particular subunit composition and expression
of neurotransmitter receptors during the ﬁrst years of life
that promote neuronal activation are depicted in Fig 9.
Moreover, in the developing neuron, the concentration of
intracellular chloride is higher than in adults, suggesting
that GABA neurotransmission is excitatory rather than
inhibitory. Excitation predominates over inhibition in
neurons and neuronal networks of the developing brain.
This physiologic hyperexcitable state during the ﬁrst years
of life lowers the threshold for developing electrical
epileptiform discharges and clinical seizures [160].
The predisposition of the immature brain to epileptogenesis
More importantly, the immature brain is particularly
susceptible to kindling, the process by which an initial
insult promotes a series of changes thatmodify neurons and
neuronal networks, making them more susceptible to
ongoing seizures that become independent from the orig-
inal insult. Epileptogenesis develops in a progressive
fashion over time. Acute changes include alterations in ion
channel activity, posttranslational changes to proteins such
as neurotransmitter receptors, and immediate gene activa-
tion. Subacute changes cause the activation of transcription,
neuronal death, and inﬂammation. In the long term,
structural changes such as mossy ﬁber sprouting, network
reorganization, and gliosis are observed. Although kindling
is thought to be present in both adults and children, the
secondary disruption of the normal development is evident
almost exclusively in children, in part because of their
greater plasticity [160].
In a recent study, the subunit composition of epilepsy
surgery samples from patients with electrical status epi-
lepticus in sleep and different clinical presentations was
compared with the subunit composition of epilepsy surgery
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samples from nonepileptic postmortem control subjects.
The glutamate receptor 1/glutamate receptor 2 ratio in
alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptors and the N-methyl-D-aspartate receptor 2A/N-
methyl-D-aspartate receptor 2B ratio in N-methyl-D-aspar-
tate receptors were elevated in patients with electrical
status epilepticus in sleep, ﬁndings that mimic the receptor
composition of the immature brain, and are compatible
with a lowered seizure threshold. The GABAa2/a1 ratio was
elevated in patients with refractory epilepsy and in patients
with acute status epilepticus, but did not change in patients
with electrical status epilepticus in sleep [161].
Conclusions and future directions
Electrical status epilepticus in sleep and its different elec-
troclinical presentations probably comprise an age-speciﬁc
response to diverse early neurologic insults. Whether the
electroencephalogram abnormalities constitute a cause, an
effect, or merely a bystander phenomenon occurring during
the development of regression remains unclear.
Homogeneous deﬁnitions of “electrical status epilepticus
in sleep,” “continuous spikes and waves during sleep,” and
“Landau-Kleffner syndrome,” and clearly deﬁned, repro-
ducible, and validated methods of the quantiﬁcation of
epileptiform activity, are urgently needed. The use of
a common language would greatly facilitate the compara-
bility of different series. It would also promote the feasi-
bility of recruiting patients for much needed multicenter
controlled clinical trials.
Basic research on the cellular andmolecular mechanisms
underlying the pathophysiology of electrical status epi-
lepticus in sleep is rapidly evolving. The neurotransmitter
changes that occur in chronic epilepsy and in intellectual
disabilities [161-163], the key role of astrocytes and
neurotransmitter metabolic pathways in the modulation of
brain neurotransmission [164,165], and the discovery of
previously unknown corticothalamic pathways [151] offer
promise as new potential therapeutic targets.
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